Abstract -Information acquired in map building presents characteristics of uncertainty, imprecision and even high conflict, especially in the course of building grid map using sonar. Here a new method of information fusion-DSmT (Dezert-Smarandache Theory) recently developed from DST and Bayesian theory was introduced to apply to managing and dealing with this uncertainty. Aiming to static environment, classic DSm mathematic modal was established by constructing the general basic belief assignment function, so that the global evidence grid map is built by applying the classic DSm rule. Pioneer II virtual mobile robot served as an experiment platform. By comparing the numbers of acquiring-information spot, the quality of grid map building and the time in need of finishing the global map building, better fusion results than that with DST are gotten. Especially when dealing with high conflictive information from sonar grid map building, DSmT was more effective and successful than DST. In short, this study not only found a new method for building map under static environment, but also supplied with a theory foundation for us to further apply Hybrid DSmT to dynamic unknown environment and multi-robots' building map together.
I. INTRODUCTION
The study on exploration of entirely unknown environment for intelligent mobile robots has being a popular and difficult subject for experts in robots' field for a long time. Because of the contradiction between self-localization and map building, some one compares it as a puzzle chickens and eggs [1, 2] . To solve this puzzle, some experts in robot's field have proposed many methods in self-localization and map building respectively, for example, Markov [3] or Monte carlo [4] self-localization, grid map [5, 6] , geometrical feature or topological map, etc. Of course, here we apply DSmT (DezertSmarandache Theory) and DST to sonar grid map building, which is one of the most successful expression methods in building map. Due to sonar sensors' restriction of physical characteristics, information acquired in grid map building presents characteristics of uncertainty, imprecision and even high conflict. DST proposed by Dempster and Shafer since 1976 [7] has been widely applied since Professor Smets proposed a model of TBM (Transfer Belief Model) [8] , which offered an explanation on it. But it is very difficult to deal with highly conflictive information, because its conflict factor isn't equal to one. Aiming to this difficulty, A new method of information fusion for DSmT proposed by Jean Dezert * Supported by National Natural Science Foundation of China (#69585003) to Xinhan Huang (French) and Florentin Smarandache (American) based on Bayesian theory and DS theory come forth since 2003, which is a general, flexible and valid arithmetic of fusion [9, 10] .
II. SIMPLE REVIEW OF DSmT

A. The Frame of Discernment for DSmT
Let 
B. Hyper-power of DSmT
The hyper-power set The general belief function and plausibility function are defined respectively in almost the same manner as within the DST, i.e. 
is a free model of DSmT, and then the classical (free) DSmT rule of combination for 2 ≥ k sources is given as follows:
III. MODELING FOR SONAR GRID INFORMATION
Sonar sensors' working principle (shown as Fig 1) is: producing sheaves of cone-shaped wave, and detecting the objects by receiving the reflected wave. Due to the restriction of sonar physical characteristic, metrical data behaves out uncertainty [11] 
A. Modeling Based on DSmT
Pointing to the characteristics of sonar's measurement, here we suppose there are two focal elements in system, that is,
θ means grid is empty, 2 θ means occupied, and then we can get its hyper-power set
. Every grid in environment is scanned 2 ≥ k times, each of which is viewed as source of evidence. Then we may define a set of map aiming to every source of evidence and construct the general basic belief assignment functions (gbbaf) as follows:
is defined as the gbbaf for grid-unoccupied (empty); ) ( 2 θ m is defined as the gbbaf for grid-occupied; ) ( is defined as the gbbaf for gridignorance due to the restriction of knowledge and experience presently (here referring to the gbbaf for these grids still not scanned presently ), it reflects the degree of ignorance of gridunoccupied or occupied.
The gbbaf of a set of map
is constructed by authors such as the formulae (4)~(7) according to sonar physical characteristics. 
B. Modeling Based on DST
For DST, it isn't a new theory, so here we needn't recall it, and then use it directly. According to the requirement of sonar grid map building, here we also suppose two focal elements in system, that is, { } is defined as the basic belief assignment function for grid-ignorance. We may also construct basic belief assignment function such as
bbaf reflects still the characteristics of uncertainty for sonar grip map building in Fig.2 . Though here we define the same bbaf as DSmT, because the definition of DST must be satisfied, we must renormalize them while acquiring sonar grip information.
IV. EXPERIMENTAL RESULTS
A. Fusion of Sonar Information
Pioneer II virtual mobile robot has 16 Sonar sensors. Seen from Fig.3 , there are just 8 front sonar sensors shown, their distribution is asymmetrical. Here we only give the procedure of fusion based on DSmT, because of the restriction of paper length. In fact, DST is similar to DSmT. Fusion steps are listed as follow:
We develop the experimental platform with the Visual c++ 6.0, through the protocol of TCP IP.
1) At the beginning of procedure, we proposed that all grids are fully occupied, that is,
Bel
, and mobile robot begins from origin of coordinate shown as Fig 4. Therefore, we may order the mobile robot to some spots. Of course, mobile robot' path planning and avoiding obstacles must be considered, but it is not an important point here. Robot may get the information of all sonar sensors at spot (i,j). For simplified calculation, we apply the arithmetic of restrict spreading, which only computes the grid information in the fan-shaped area that each sonar can scan (shown as Fig  2) [11] .
2) Utilizing the model of uncertainty belief established in the third part, through (4) ) is computed respectively. If sum of mass is not one, and then we should renormalize it.
3) Judge whether the information of every grid scanned by all sonar sensors is new or not. If yes, and then goto step 1. Otherwise, goto next step.
4)
Judge whether the grid is scanned repeatedly or not. If No, save the information of this grid. If Yes, goto step5.
5) Go on judging whether the fusion times is more than two times or not. If yes, and then stop fusing it. Otherwise, goto step 6.
6) Go on fusing it and at the same time, judge further. Whether the grid's information is fused for the first time or not. If it is not the first time, and then compute and update the Bel at last. And then goto step 7. if it is the first time, goto step 8.
7)
Check whether Bel of all grids to be updated or not. If Yes, and goto step 9. Otherwise, goto step 1.
8) Update the grid's original mass with the new mass after fusion. Then goto step 1.
9) Stop and Exit the procedure at last.
B. Comparison of Fusion Result between DSmT and DST
we suppose the environment (size: 5m 5m ) partitioned 2500 discrete even rectangular grids (50 50). Objects in rectangular grid map are sketched in Result of recognition of objects in Fig.4 with DSmT and DST is shown in Fig.6 and Fig.7 respectively. Analysis on the fusion result: 1) In this experiment, 3D grid map of belief layout just based on DSmT is plotted in Fig.5 . Seen from it, outline of obstacle and location are expressed clearly, it supplies with a shortcut to do some research on self-localization, path planning and navigation of mobile robot.
2) Though both DSmT and DST can be applied to building grid map from sonar sensors, DSmT can express more clearly the grid information than DST, which can be seen easily from the comparison between Fig.6 and Fig.7 in terms of the grid map of original environment in Fig.4 .
3) DSmT can deal with highly conflictive information, while DST can't do. So when we apply DST to grid map building, it might be fail.
4)
In this study, though we define two focal elements in either DSm model or D-S one, according to their combination rule, DSmT should have greater amount of computing, however, in fact it is inverse. We analyze, it must take a deal of time to deal with high conflict with DST.
5) Here we give a simple comparison between DSmT and DST from the numbers of acquiring-information spot, the quality of grid map building and the time in need of finishing the global map building in TABLE I. Seen from table 1, DSmT is more superior to DST
V. CONCLUSION
In this paper, we applied both DSmT and DST to mobile robot's map building in a small static virtual environment. Through the experiment, DSmT is proved to be more valid than DST finally. Of course, if the size of environment is very large and complex, or irregular and even loop, and robot's position isn't neglected. We must consider robot's selflocalization. In short, this study supplied with a shortcut for human-computer interface of mobile robot exploring unknown environment and established a firm foundation for us to apply Hybrid DSmT [12] to dynamic unknown environment and multi-robots' building map together.
